We present a systematic study of Scapteromys populations from Argentina, Paraguay, and Uruguay, based on molecular and morphological evidence. First, based on DNA sequences (801 base pairs) from the mitochondrial cytochrome-b gene, we found that Scapteromys populations fall into 2 main clades; 1 formed by Argentinean and Paraguayan populations together with 1 population from western Uruguay, and the other constituted by the remaining Uruguayan populations. Analysis of molecular variance showed that 86.93% of the genetic variation uncovered in Scapteromys is explained by differences between clades. Morphological analyses corroborated the existence of 2 main morphotypes among Scapteromys specimens. The phylogeographic break identified is mostly congruent with patterns of morphological and chromosomic variation. In light of these results, we propose that S. aquaticus be elevated to the rank of species, we redefine the known distributions of S. aquaticus and S. tumidus, and we provide a list of character states that allow an unambiguously diagnosis of both species.
The genus of swamp rats, Scapteromys, belongs to Sigmodontinae, a New World subfamily of cricetid rodents. Scapteromys is distributed through part of the Río de la Plata basin and some adjacent areas in east-central Argentina, south coastal Brazil, southern Paraguay, and Uruguay. It occupies habitats near watercourses, including large rivers, small creeks, ponds, and swamps. Darwin, who collected a specimen that later became the type of Scapteromys tumidus, wrote, ''This rat was caught in so wet a place amongst the flags bordering a lake, that it must certainly be partly aquatic in its habits'' (Waterhouse 1839:58) . In fact, Scapteromys is an excellent swimmer; it propels itself by horizontal undulations of the tail and by rowing and paddling with the hind and fore feet, respectively (Massoia and Fornes 1964) . Scapteromys also is able to climb trees, a behavior reported as an adaptation to living in flooded areas (Barlow 1969; Sierra de Soriano 1969) . Scapteromys is mainly nocturnal and feeds primarily on insects and oligochaetes but also hirudines and vegetation (Barlow 1969; Massoia 1961) .
Phylogenetic analyses of nuclear and mitochondrial DNA sequences indicate that this genus is part of the tribe Akodontini (D'Elía 2003; Smith and Patton 1999) . Hershkovitz (1966) and Massoia (1980) established the basis of the current contents of Scapteromys by removing some species previously allocated to the genus and placing them into new genera, Kunsia and Bibimys. Massoia and Fornes (1964) considered Scapteromys aquaticus, a taxon described by Thomas (1920) , to be a subspecies of S. tumidus, whereas Hershkovitz (1966) recognized only S. tumidus without any internal division.
With the advent of cytogenetic studies of sigmodontine rodents, it was shown that Scapteromys has a large amount of chromosomal variation. Further, this variation appeared to be geographically structured. A diploid number (2n) of 32 occurred in populations from Argentina (Brum et al. 1986; Fronza et al. 1976 ) and Paraguay (P. Myers, pers. comm.) , whereas populations in Uruguay had 2n ¼ 24 (Brum 1965; Brum et al. 1972 Brum et al. , 1986 . Three karyomorphs have been reported from Brazilian populations: 2n ¼ 24, 34, and 36 (Freitas et al. 1984) . In parallel, our knowledge of Scapteromys also increased directly from fieldwork, which extended the known distribution of the genus. Myers and Wetzel (1979) obtained Scapteromys in Paraguay, and Contreras (1966 Contreras ( , 1982 , Freitas et al. (1984) , and González 1994) reported it from several new Argentinean, Brazilian, and Uruguayan localities, respectively. In addition, Reig (1994) described the 1st known fossil species of the genus, S. hershkovitzii, from Pliocene deposits of southeastern Buenos Aires province, Argentina.
In this study we present a systematic study of Scapteromys populations from Argentina, Paraguay, and Uruguay based on molecular and morphological evidence. First, we analyze the phylogeographic structure (Avise et al. 1987 ) based on mitochondrial DNA (mtDNA) sequences obtained from the cytochrome-b gene. Second, we evaluate the agreement among the uncovered phylogeographic pattern and morphological and karyotypic variation. Third, we consider the taxonomic rank of the phylogeographic units found within Scapteromys.
MATERIALS AND METHODS
Molecular data analyses.-Phylogeographic analysis was based on the first 801 base pairs (bp) of the cytochrome-b gene of 47 specimens of Scapteromys belonging to 16 populations from Argentina, Paraguay, and Uruguay ( Fig. 1 ; Appendix I). Sequences of 4 specimens were obtained from Patton (1999) and D'Elía (2003) . Cytochrome-b gene sequences generated in this study were amplified and sequenced from a single fragment using primers located in 1 flanking region of the gene and approximately 801 bp toward the 39 end of the gene (MVZ 05-MVZ 16-see da Silva and Patton [1993] for primer sequences and positions). Amplifications via polymerase chain reaction (PCR) were as follows: 948C for 3 min; 33 cycles of denaturation at 948C for 20 s, annealing at 488C for 15 s and extension at 728C for 60 s; 728C for 7 min. Negative controls were included in all experiments. Double-stranded DNA products were dye-labeled (Big Dye Reaction Kit, Applied Biosystems, Inc., Foster City, California) in a 2nd PCR reaction (958C for 3 min; 30 cycles of 958C for 10 s; 508C for 5 s; 608C for 4 min). The products were sequenced using an ABI 377 automatic sequencer (Applied Biosystems). In all cases, both heavy and light DNA strands were sequenced and compared. Sequences were visualized, reconciled, and translated to proteins to proof for stop codons using Sequence Navigator version 1.0.1 (Applied Biosystems). All sequences were deposited in GenBank (accession numbers AY445526-AY445553 and AY445555-AY445570).
Sequence alignment was done with the program Clustal X (Thompson et al. 1997 ) using the default costs. Descriptive analyses assessment of base composition, number of variable characters by codon position, observed number of differences between all haplotype pairs, and differences between pairs of populations of the cytochromeb gene sequences were completed with the program MEGA 2.0 (Kumar et al. 2001) .
Aligned sequences were subjected to maximum parsimony analysis (Farris 1982; Kluge and Farris 1969) using PAUP* 4 (Swofford 2000) to generate cladograms. The search strategy used consisted of 200 heuristic replicates with tree bisection and reconnection and random addition of taxa. Based on the results of D'Elía (2003), samples of Kunsia and Blarinomys (Appendix I) were used as outgroups (Nixon and Carpenter 1993) to polarize character state changes. Characters were treated as unordered and equally weighted. Relative support of the recovered clades was assessed by performing 1,000 jackknife replications (Farris et al. 1996) with 5 addition sequence replicate each and the random deletion of one-third of the data. Branches with ,50% support were allowed to collapse. In addition, Bremer support values (Bremer 1994) were computed for those nodes that originate from branches longer than 1 or 2 steps. Molecular synapomorphies were documented by examining PAUP* outputs and visualized using MacClade 3.05 (Maddison and Maddison 1992) . Only those changes unambiguously optimized regardless of the kind of character transformation used (i.e., accelerated or delayed) were included.
A hierarchical analysis of the distribution of genetic diversity was conducted in the form of an analysis of molecular variance (AMOVA-Excoffier et al. 1992 ) using Arlequin version 2.000 (Schneider et al. 2000) . Hierarchical levels were defined on the basis of sampling localities and major clades found in the maximum parsimony analysis.
Morphologic data analyses.-Five hundred sixty-four Scapteromys specimens belonging to 68 populations were examined (see Appendix I). Locality and sex information were recorded as given on specimen tags and collection catalogs. Skulls were segregated into 5 age classes based on molar wear following Barlow's (1969) classification. Examples of the molar occlusal morphology variation related to wear can be consulted in Massoia (1981;  figure 1) . A subset of 443 skulls (in general, adult individuals) were qualitatively scored for those skull features (i.e., shape of the frontoparietal suture and mesopterygoid fossa) discussed by Massoia and Fornes (1964) as relevant to diagnosing Scapteromys forms. In addition, molar morphology and other cranial characters also were evaluated. Holotypes of S. aquaticus and S. tumidus were not directly examined; their morphological character states were obtained through examination of high-quality photographs.
Morphometric analyses included only adult specimens (age classes 3-5, n ¼ 229) and were based on the following 18 cranial and dental dimensions: condyloincisive length (CIL), palatilar length (PL), upper diastema length (DL), greatest zygomatic breadth (ZB), least interorbital breadth (IOB), breadth of braincase (BB), breadth of rostrum (RB), nasal length (NL), greatest nasal breadth (GNB), incisive foramen length (IFL), incisive foramen breadth (IFB), breadth of mesopterygoid fossa (BMF), alveolar length of maxillary toothrow (LM1-3), width of upper 1st molar (WM1), length of upper 1st molar (LM1), mandible length without incisor (ML), dentary depth (DH), and alveolar length of mandibular toothrow (Lm1-3). Measurements were taken according to definitions provided by Myers et al. (1990) and Hershkovitz (1990;  figure 15 ), except DH, which corresponds to the dimension between the mandible angular and condyloid processes. Descriptive statistics (mean, standard deviation, and range) were derived for locality samples with 5 or more adult individuals (11 samples). Effect of gender on the 18 recorded variables was examined through 1-way analysis of variance (ANOVA) in the largest study sample (n ¼ 51, females ¼ 23; La Balandra population from Argentina). To increase sample sizes for the multivariate analyses of craniodental dimensions, variables that showed significant intersexual differences were discarded and sexes pooled. A subset of 130 intact skulls (without missing measurements) was used in multivariate analyses. This sample was constituted only of specimens from age class 3 because 1-way ANOVA revealed significant differences in most of the variables among adult age classes (results not shown). Multiple analysis of variance (MANOVA) was used to test for significant differences between groups defined on the basis of sampling localities and major clades found in the maximum parsimony analysis. Principal components were extracted from a variancecovariance matrix and computed using the craniodental variables after transformation to their natural logarithms. Statistics analyses used the program Statistica (StatSoft, Inc. 2001).
RESULTS
Molecular based analyses.-Twenty-one cytochrome-b haplotypes were found among the 47 sequenced specimens of Scapteromys (Table 1) . These haplotypes present a strong base compositional bias, with a marked deficit of guanine, especially in 3rd codon positions. The mean base percentages across all Scapteromys haplotypes and across all base positions are A ¼ 27.7, C ¼ 32.2, T ¼ 27.3, and G ¼ 12.8. The 21 haplotypes are defined by 55 variables sites of which 10 correspond to 1st codon positions, 7 to 2nd positions, and 38 to 3rd positions. These 55 nucleotide substitutions implied 11 amino acid differences. Intrapopulation divergence was low, ranging from 0 to 5 observed substitutions (0-0.6%). Four of the 11 populations from which .1 specimen was sequenced showed no variation (Table 1) . Intrapopulation divergence accounts for only 2.06% of the total uncovered genetic variation. Values of divergence between haplotype pairs from different populations show a large range of variation, from 0 to 38 observed substitutions (0.0-4.7%). Only 3 of the 21 recovered haplotypes are found in .1 population (Table 1) . Moreover, all studied specimens from Estancia La Quemada 1 (n ¼ 4) and Estancia La Quemada 2 (n ¼ 3) shared the same haplotype.
Maximum parsimony analysis of Scapteromys haplotypes yielded 22 most parsimonious trees of 245 steps (consistency
A strict consensus analysis of these trees ( Fig. 2A ) revealed 2 main clades that are reciprocally monophyletic. One clade (the western clade) includes all Argentinean and Paraguayan populations together with a population from western Uruguay (Las Cañas); the 2nd (the eastern clade) has a more restricted distribution and includes the remaining Uruguayan populations (Fig. 2B ). Support for both clades was high: jackknife ¼ 100% and Bremer support ¼ 6 and 12 for the western clade and the eastern clade, respectively. AMOVA indicates that most (86.93%) of the uncovered genetic divergence of Scapteromys is explained by the divergence between these 2 main clades. Observed substitutions among populations of both clades ranges from 3.6% to 4.7%. Relationships among haplotypes within each of the main clades are poorly resolved. Only 2 of the 6 populations from which .1 haplotype was recovered appeared as monophyletic. AMOVA indicated that only 11.01% of the total genetic variation of Scapteromys was explained by differences among populations within each main clade. Observed substitutions among populations within each clade ranges from 0.0% to 1.0%.
Morphological analysis.-Two main morphological types exist among Scapteromys individuals. The 1st morphotype is characterized by a frontoparietal suture that more or less resembles an open U or V, and it is often associated with a quadrate mesopterygoid fossa that has a bluntly pointed median palatine process (Fig. 3A) . This morphotype characterized all Argentinean and Paraguayan populations as well as 1 from Uruguay (Las Cañas) and is present in the holotype of S. aquaticus (BMNH 17.6.1.6). A more or less pronounced frontoparietal suture resembling a W, often associated with a rounded mesopterygoid fossa that lacks a median palatine process, characterized the other morphotype (Fig. 3B ). This morphotype is common in all but 1 of the Uruguayan populations, and it is represented by the holotype of S. tumidus (BMNH 55.12.24.18) . However, there is some degree of variability in these characters. There are, for example, individuals whose frontoparietal sutures are irregular and cannot be scored as either of the 2 morphotypes. The correspondence between morphotypes and geography also is obscured by the fact that at most of the eastern clade localities and at 2 southern populations of the western clade, both main morphs occur in sympatry (Table 2 ). In these polymorphic populations, however, 1 of the morphotypes is always predominant.
Sexual dimorphism in craniodental measurements was significant in only 1 (breadth of the braincase; F ¼ 4.95, P 0.05) of the 18 dimensions examined. This variable was excluded from the subsequent ordination analyses. Descriptive statistics (available on request) showed that populations from the eastern clade are slightly larger than those from western clade. This observation was noted by Massoia and Fornes (1964) , although later minimized by Hershkovitz (1966) . Crania in eastern clade populations generally are larger and more robust than those in the western clade. In general, eastern clade specimens have, on average, slightly larger cranium, upper diastema, zygomatic breadth, braincase breadth, palatal length, mandible length, dentary depth, incisive foramina length, upper and lower toothrows, and upper first molar width than western clade specimens.
In the principal component analysis, the 130 specimens clustered into 2 groups (Fig. 4) that correspond to the eastern and western clades. These groups overlap moderately. Principal component 1 explains 39.7% of the variance and has a high correlation with most of the length dimensions (e.g., CIL, ML, IFL, Lm1-3, LM1-3). This fact suggests a general size factor for the 1st component (Table 3 ). The 2nd and 3rd principal components, which explain 18.3% and 10.4% of the total variation, correlate with breadth measurements (IOB, IFB, BMF). Dispersion of scores along the 1st principal component indicates a moderate distinction in size of most craniodental variables between eastern clade and western clade specimens. Variation in IOB, BMF, and IFB contributes to the dispersion of scores along the 2nd principal component. In general, western clade specimens are characterized by smaller skulls and dentitions in length dimensions but with broader interorbit, incisive foramina, and mesopterygoid fossa than the eastern clade counterparts. MANOVA revealed significant differences between the eastern and western groups (Wilks' lambda ¼ 0.2368, F ¼ 21.23, P , 0.0001, d.f. ¼ 112). 
DISCUSSION
Taxonomy of the genus Scapteromys as it currently is understood remains controversial. Waterhouse (1837) described Mus tumidus from Maldonado, Uruguay, and erected Scapteromys as a new subgenus of Mus. Waterhouse (1839) further described tumidus and included it in his new comprehensive genus Hesperomys, ignoring Scapteromys. Thirty years later, Fitzinger (1867) elevated Scapteromys to genus, although some later authors continued to use Scapteromys as a subgenus of Hesperomys (e.g., Thomas 1884). Thomas (1917) referred a series of Scapteromys collected on Isla Ella, Argentina, to the species S. tomentosus (a species currently allocated to the genus Kunsia) with the observation that those specimens differed from S. tumidus only in color. Three years later, Thomas (1920) noticed that his previous assignment of the specimens from Isla Ella to tomentosus was wrong and described a new species, S. aquaticus, on the basis of that material. Remarkably, Thomas made no comment regarding his previous note about the similarity of aquaticus and tumidus. During the following four decades, taxonomic references to Scapteromys sensu stricto were limited to a handful of references in general treatises of taxonomy (e.g., Cabrera 1961; Devicenzi 1935; Ellerman 1941; Gyldenstolpe 1932) or taxonomic historical accounts (e.g., Tate 1932).
Massoia and Fornes (1964) published a study that 4 decades later remains the most significant contribution of Scapteromys taxonomy and natural history. In regard to the distinction between tumidus and aquaticus, these authors assessed variation of skull, teeth, and external morphology within and among Argentinean and Uruguayan populations. They documented that morphological differences between the forms are minor and basically limited to the shape of the frontoparietal suture and the width of the mesopterygoid fossa. These authors also mentioned that individuals of S. tumidus are brownish and seem to be slightly larger than those of S. aquaticus, which are blackish. As individuals showing intermediate phenotypes were also found, Massoia and Fornes (1964) considered both forms as subspecies. Accordingly, S. t. tumidus is distributed across Uruguay, and S. t. aquaticus has a disjunct distribution in Argentina, northeast of Buenos Aires and south of Entre Ríos provinces and southeast of Chaco province. An isolated record from Santa Fe province, however, began to fill in this geographic gap (Contreras 1966) . Later, Myers and Wetzel (1979) extended Scapteromys range northward, reporting specimens from Paraguay. Importantly, Massoia and Fornes (1964) indicated that the correspondence between geographic distribution of the trenchant characters they used to define and diagnose both subspecies and the suggested geographic distributions of the taxa is not absolute. Later, Hershkovitz (1966) stated that the characters enumerated by Massoia and Fornes (1964) are highly variable and then dismissed the formal recognition of 2 different taxa. Cytogenetic studies showed that Scapteromys exhibit a large amount of chromosomal variation that appears to be geographically structured. Argentinean and Paraguayan populations have a 2n ¼ 32 (Brum et al. 1986; Fronza et al. 1976 ; P. Myers, pers. comm.), whereas populations in Uruguay have 2n ¼ 24 (Brum 1965; Brum et al. 1972 Brum et al. , 1986 . Finally, 3 karyomorphs, 2n ¼ 24, 34 and 36, have been reported from Brazilian populations (Freitas et al. 1984) . With this evidence at hand, the previously mentioned authors tried to match available names with the karyomorphs recovered. Brum et al. (1972 Brum et al. ( , 1986 proposed that the 2n ¼ 32 corresponded to S. aquaticus (distributed in Argentina) and the 2n ¼ 24 to S. tumidus (distributed in Uruguay). In addition, Freitas et al. (1984) suggested the existence of an undescribed species in Brazil. In spite of these assertions, which are repeated in the most recent comprehensive treatise of mammal taxonomy (Musser and Carleton 1993 ), Hershkovitz's (1966) views prevailed, and only S. tumidus currently is recognized (but see Galliari et al. 1996; Pardiñas 1996) .
The major phylogeographic break identified in this study (Fig. 2B) largely matches the geographic patterns of morphologic and karyotypic (Brum et al. 1986; Fronza et al. 1976 ; P. Myers, pers. comm.) variation. This finding provides support to the traditional view (Massoia and Fornes 1964) about the geographic distribution of aquaticus and tumidus. Moreover, this view also is extended since the present analysis constitutes the 1st study of Scapteromys systematics to include specimens from Paraguay as well as from several Argentinean and some Uruguayan localities. However, 2 issues must be considered when interpreting the biological meaning of this congruence. First, this congruity is not absolute, as discussed later in this article. Second, the phylogeographic pattern was uncovered on the basis of a marker that is maternally inherited (Gyllensten et al. 1985 ; but see also Gyllensten et al. 1991; Zouros et al. 1992) and therefore reveals geographic structure due to female dynamics but not that of males. At the same time, the following aspects, which are inherent to the design of this study, hamper the interpretation of the congruence mentioned previously: only a small fraction of the specimens morphologically studied were sequenced (47 of 443); none of the karyotyped specimens was sequenced; karyotyped specimens come from few populations, and in several cases no specimens from those localities were sequenced; and the morphology of some karyotyped specimens could not be assessed because neither museum nor field numbers were provided in the original publications (e.g., Brum et al. 1986; Fronza 1970) .
As mentioned previously, chromosomal, morphological, and mtDNA data sets are largely but not fully concordant. The main discrepancy arises with respect to the population at Las Cañas, in western Uruguay (Fig. 2B) . Haplotypes recovered from that population are of the aquaticus type and as such fall in the western clade containing all haplotypes recovered from Argentinean and Paraguayan specimens. Ten additional steps are needed to recover a clade formed by all Uruguayan haplotypes. The apparent discrepancy arises because the single individual karyotyped from Las Cañas showed the presumed tumidus diploid complement (i.e., 2n ¼ 24- Brum et al. 1972) . Unfortunately, this specimen (MNHN 1957) was unavailable to sequence, and, further, its mesopterygoid fossa is quadrate in shape but lacks the palatine median process, and its frontoparietal suture displays an irregular pattern. The morphological material (n ¼ 11) from Las Cañas, which includes 6 individuals that were sequenced, shows that 8 are of the aquaticus morphotype ( Table 2 ). The specimen MNHN 1979 (not sequenced) shows a suture of the W type.
In summary, the evidence at hand indicates that, from mitochondrial DNA and for the most part from morphology, the population of Las Cañas belongs to the aquaticus form, whereas what has been called a tumidus diploid complement has been reported for 1 specimen from that locality. Different explanations may account for this mismatch in the patterns of geographic variation. It is possible that the karyomorphs are not monophyletic, that the ''aquaticus karyomorph'' is present but so far undiscovered in the area of Las Cañas, or that individuals bearing ''tumidus haplotypes'' inhabit the area of Las Cañas but so far have not been discovered. It also is possible that there is a disagreement between the inferred gene tree and the species tree for the population of Las Cañas. Random fixation of alternative haplotypes via lineage sorting may cause a pattern like this (Neigel and Avise 1986) . More interesting from a biological point of view would be a case of introgression via hybridization. A scenario like this, well known in geomyid rodents (Patton and Smith 1994; Ruedi et al. 1997) , has not been yet reported for any sigmodontine group, but it should be noted that only a small number of studies have used molecular evidence to assess sigmodontine variation at the population level. With the data at hand, it is not possible to choose among these alternatives to explain the apparent discrepancy among data sets at Las Cañas.
Currently there is no reason to assume that the recovered gene tree does not reflect the organism history. This is simply because there is not a 2nd data set amenable to comparison with the mitochondrial based tree; that is, no other Scapteromys data set has been analyzed with an explicit historical approach. Therefore, the apparent incongruence between mtDNA variation and karyotype distributions should be taken only as a guide to direct future research, whereas the gene tree should be accepted as the best available hypothesis of taxonomic relationships (Brower et al. 1996 ).
Here we suggest that at least 2 different Scapteromys forms exist in nature. These forms can be differentiated because they have unique combinations of derived features not present in the other (i.e., they are diagnosable). We suggest that the rank of species should be given to each. The names to apply to these taxa are S. tumidus (Waterhouse 1837) and S. aquaticus Thomas 1920 . This hypothesis states that both species are distributed allopatrically. Populations from northern, southern, and eastern Uruguay are assigned to S. tumidus. Tentatively, populations from central Uruguay are also allocated to this species. Future studies will clarify the taxonomic status of Brazilian populations. S. aquaticus inhabits Argentina, Paraguay, and the Uruguayan area of Las Cañas in the Department of Río Negro. Under this arrangement the Uruguayan sigmodontine fauna is increased from 14 to 15 species (González 2001) . Future studies will provide further testing of the hypothesis here advanced.
The present study reveals several synapomorphies of the cytochrome-b gene that allow diagnosis of S. tumidus and S. aquaticus (Table 4) . Seventeen character-state transformations occurred along the line leading from the Scapteromys common ancestor (node A in Fig. 2A ) to the common ancestor of S. tumidus haplotypes (node B in Fig. 2A) . However, 1 of the S. tumidus synapomorphies (an A-to-G change in position 693) is obscured by the fact that this character-state transformation also evolved in parallel in 2 haplotypes recovered from 6 specimens of S. aquaticus. Eight nucleotide characters have changed state along the line leading from the Scapteromys common ancestor to the common ancestor of S. aquaticus haplotypes (node C in Fig. 2A) . None of these character-state transformations has evolved independently in any of the recovered S. tumidus haplotypes. This fact is not unexpected given the low amount of homoplasy (CI ¼ 0.898) of the data set. In addition to the synapomorphies, there are several other derived character states that evolved only within the S. tumidus and S. aquaticus clades. These substitutions (data not shown, available on request) are mainly autopomorphic changes and also may be used to assign individuals to 1 of the 2 species. When DNA sequences are translated to amino acids (data not shown, available on request), 1 and 3 character transformations occur along the lines leading from the Scapteromys common ancestor to the S. aquaticus clade and the S. tumidus clades, respectively. It must be noted that the sequencing of more specimens could potentially decrease these numbers by uncovering more homoplasy.
Under this scheme karyomorphs do not match species boundaries and therefore should not be used to diagnose Scapteromys species. This assertion goes contrary to the idea of karyotypes being species specific. This line of thinking has resulted in the description of several putative species based primarily or exclusively on chromosomal differences (e.g., Fagundes et al. 2000; Silva and Yonenaga-Yassuda 1998; Silva et al. 2000; Spotorno et al. 1998) . However, there are numerous cases of chromosomal polymorphisms and polytypisms within and between sigmodontine populations (Fagundes et al. 1998; Fernandez-Donoso et al. 2001; Sbalqueiro and Nascimento 1996) , and chromosomal hybrids have been reported in natural populations (Yonenaga et al. 1975) . Moreover, Nachman and Myers (1989) , by means of laboratory breeding, showed that chromosomally heterozygous individuals of Holochilus do not experience a detectable decrease in fitness. Cytogenetic studies of Scapteromys were not designed to assess intrapopulation variation. Reported variation within each karyomorph limits polymorphism to the morphology of the Y chromosome (Brum et al. 1986; Freitas et al. 1984; Fronza et al. 1976 ). Both Scapteromys species are morphologically differentiable; statistical analyses showed that in general S. tumidus is slightly larger than S. aquaticus. No craniodental qualitative character state considered herein allows unambiguous diagnosing of Scapteromys species (Table 2 ). Both S. aquaticus and S. tumidus are polymorphic regarding these qualitative characters. However, in both species, 1 morphotype is clearly predominant; the U-or V-shaped suture is predominant in S. aquaticus and the W suture in S. tumidus. Interestingly, S. aquaticus is far more nearly homogeneous than S. tumidus in relation to these characters (Table 2 ). For example, only 2 of 282 (0.71%) specimens of S. aquaticus presented a W suture, whereas 29 of 161 (18.01%) specimens of S. tumidus showed a U suture. The biological meaning of this difference is unclear FIG. 4.-Specimen scores of western clade (Scapteromys aquaticus, n ¼ 67) and eastern clade individuals (S. tumidus, n ¼ 63) on the principal components 1 and 2 (top) and 1 and 3 (bottom) extracted from the variance-covariance matrix of 17 craniodental measurements (see text and Table 3 ). so far. In addition, the same haplotype was found in specimens showing different morphological types (all specimens from Estancia La Quemada 2, a population showing both suture types, share the same haplotype), indicating that morphological evolution is not coupled with the evolution of the mitochondrial genome.
RESUMEN
Presentamos un estudio sistemático, basado en evidencia molecular y morfológica, de poblaciones argentinas, paraguayas, y uruguayas de Scapteromys. En primer lugar, basado en secuencias de ADN (801 pb) del gen mitocondrial que codifica para el citocromo b, encontramos que las poblaciones de Scapteromys forman dos clados principales; uno constituido por poblaciones argentinas y paraguayas junto a una población del oeste de Uruguay, y el otro integrado por las demás poblaciones de Uruguay. Análisis de varianza molecular muestran que el 86,93% de la variación genética encontrada en Scapteromys se debe a diferencias entre estos dos clados. Análisis morfológicos corroboran la existencia de 2 morfotipos principales entre especímenes de Scapteromys. El quiebre filogeográfico encontrado es mayoritariamente congruente con los patrones de variación morfológica y cromosómica. A la luz de estos resultados, proponemos que S. aquaticus sea elevado al rango de especie, redefinimos la distribución conocida de S. aquaticus y S. tumidus y proveemos una lista de estados de carácter que permiten la diagnosis precisa de ambas especies. One of the character transformations (indicated by an asterisk) defining the synapomorphies of S. tumidus also has evolved in parallel in 2 haplotypes of S. aquaticus. Other characters have a consistency index ,1 because the character state present in 1 Scapteromys species also has evolved independently in 1 of the 3 outgroup specimens.
